Introduction
During successive oestrous cycles, in the ovary of the rat a few well advanced preantral follicles undergo the final stages of maturation, culminating in antrum formation and the ability to respond to the ovulatory surge of LH. Granulosa cell differentiation during this period is characterized by intracellular modifications leading to increased steroidogenesis and by an increase in the number of available cell membrane LH receptors. While FSH plays a major role in these changes, several studies attest to the importance of intraovarian oestrogens acting locally to regulate follicular responses to gonadotrophins (e.g. Pencharz, 1940; Williams, 1940; Smith & Bradbury, 1963) . Studies with hypophysectomized immature female rats given graded doses of diethylstilboestrol showed that oestrogen stimulated ovarian weight and that this response was the product of a reduction in follicular atresia and a concomitant stimulation of preantral follicle growth (Payne & Hellbaum, 1955) . Goldenberg, Vaitukaitis & Ross (1972) showed a synergistic effect on ovarian weight when graded doses of FSH were administered following 2-4 days of diethylstilboestrol. In contrast to the predominance of large preantral follicles in ovaries of animals receiving diethylstilboestrol alone, numerous antral follicles were present following treatment with both hormones. The mechanism through which oestrogen exerted this effect entailed increased ovarian uptake of labelled FSH (Goldenberg et al, 1972) .
Granulosa cells contain cytosolic and nuclear receptors for oestrogen (Richards & Midgley, 1976) and are thought to be the exclusive site of FSH receptors in the ovary (Zeleznik, Midgley & Reichert, 1974 ). An analysis of FSH receptor numbers per ovary and per granulosa cell from ovaries removed before and after treatment of hypophysectomized immature rats with graded doses of oestrogen revealed that oestrogens acted to increase FSH receptor activity principally by stimulation of granulosa cell proliferation (Louvet & Vaitukaitis, 1976) .
Between 4 and 6 days after hypophysectomy and initiating treatment with oestrogen (at 21 days of age) the ovaries of oestrogen-primed immature rats contain a relatively homogeneous population of solid preantral follicles with multiple granulosa cell layers (PL 1, Fig. 1 ). Most of these follicles are greater than 200 µ in diameter (Louvet, Harman, Schreiber & Ross, 1975b) but rarely exceed 400 µ (Erickson & Hsueh, 1978) . In the intact cyclic adult the Graafian follicles that will ovulate during the next oestrus develop from the preantral follicles which fall within this size range at the beginning of a normal cycle (Lane & Davis, 1939; Boling, Blandau, Soderwell & Young, 1941; Pederson, 1970) . Moreover, there is evidence that between the onset of oestrus and ovulation it is the follicles within this category (250-349 µ ) that are increasingly involved in the processes of atresia and degeneration (Mandi & Zuckerman, 1952) . In view of these considerations, a systematic appraisal of the gonadotrophic and steroidal hormone interactions associated with the processes of antrum formation and atresia in the follicles of oestrogen-primed ovaries of hypophysectomized rats may provide information relevant to the events which take place during preovulatory follicle maturation. Similar studies with intact cyclic animals suffer from the constraints imposed by steroid hormones feeding back on pituitary gonadotrophin secretion.
In the present report, we summarize and discuss major hormonal interactions which underlie altered follicular morphology and granulosa cell function in the ovaries of oestrogen-primed hypophysectomized immature rats.
Studies pertaining to the role of LH in preovulatory follicle maturation Human chorionic gonadotrophin (hCG) has been used instead of LH in these studies because it binds to the same receptors as LH, is available in a highly purified form and is more stable than LH after radioiodination. All the experiments refer to rats hypophysectomized at 21 days of age.
In preantral follicles, LH binds to and acts specifically on thecal and interstitial cells (Zeleznik et al, 1974 ), but does not bind to the granulosa cells (Channing & Kammerman, 1973;  Lee, 1976; Hillier, Zeleznik & Ross, 1978 Louvet et al. (1975b) and .
Consistent with the aforementioned finding that granulosa cells from oestrogen-primed hypophysectomized rats had a limited ability to bind 125I-labelled hCG, the addition of hCG (10-1000 mi.u./ml) to granulosa cell culture medium had no effect on progesterone secretion by these cells (Hillier, Knazek & Ross, 1978) . On the other hand, the addition of testosterone or 5a-dihydrotestosterone (but not oestradiol or diethylstilboestrol) to the culture medium resulted in dose-and time-dependent increases in progesterone production (Lucky, Schreiber, Hillier, Schulman & Ross, 1977) . This effect (Text- fig. 2 ) was inhibited in the presence of the non-steroidal antiandrogen, SCH-16423 ), a derivative of flutamide which inhibits ovarian nuclear uptake of tritiated testosterone in vivo (Zeleznik, Hillier & Ross, 1979) , presumably by inhibiting the nuclear translocation of cytoplasmic testosterone-receptor complexes within granulosa cells (Schreiber & Ross, 1976) . Androgen has also been shown to stimulate progestagen production by cultured granulosa cells from mature antral follicles of cyclic rats and pigs (Nimrod & Lindner, 1976; Gonadotrophin-induced steroidogenesis in follicular cells is mediated by increases in the intracellular concentration of 3',5'-cAMP which is thought to initiate a complex sequence of subcellular biochemical events which culminate in the induction or activation of one or more of the rate-limiting enzymic steps in steroidogenesis (Kolena & Channing, 1972; Marsh, 1976 Fig. 2 ) led to readily detectable basal secretion of progesterone (no additions to culture medium) which was stimulated 3-4-and 1-6-fold after 240 min in the presence of FSH and dibutyryl cAMP, respectively. Short-term incubations of whole follicles gave similar results (Hillier et al, 1978) . Thus the action of FSH on steroidogenesis is mediated by the activation or sensitization of a biochemical step(s) located distally to the primary membrane effector interaction and the locus of cAMP production (Hillier et al, 1978) . Histochemical studies of steroidogenic enzymes in the ovaries of adult rats during the oestrous cycle suggest that 3ß-hydroxysteroid dehydrogenase activity in the granulosa cells of maturing follicles increases as the cycle proceeds, becoming apparent in some of the larger growing follicles on the 2nd day of dioestrus and increasing markedly by pro-oestrus (Pupkin, Bratt, Weisz, Lloyd & Balogh, 1966) . Moreover, Zeleznik et al. (1974) , also using histochemistry, reported that granulosa cell 3ß-hydroxysteroid dehydrogenase activity and antrum formation was stimulated following the treatment of immature rats with FSH. Collectively, these observations imply that FSH may be responsible for the induction or activation of one or more of the major rate-limiting steroidogenic enzymes present in the granulosa cells of preovulatory follicles.
The increased steroidogenic capacity which granulosa cells acquire during preovulatory follicle maturation in the cyclic mammal is associated with an increased ability to bind 125I-labelled hCG (Channing & Ledwitz-Rigby, 1975) . Granulosa cells harvested from large preovulatory follicles undergo morphological 'luteinization' when placed into culture and basal levels of progestagen secretion are substantial. Progestagen secretion is further increased when LH or hCG are included in the culture medium (Channing, 1970) .
The critical role of FSH in the induction of granulosa cell LH/hCG receptors was illustrated by the studies of Zeleznik et al. (1974) showing that binding of 125I-labelled hCG to the granulosa cells of immature rat ovaries was markedly stimulated after treatment with rat FSH in vivo for 2 days. An examination of the relationship between FSH-induced LH/hCG receptors and the steroidogenic capacity of granulosa cells of oestrogen-primed hypophysectomized rats showed that early antrum formation following treatment with FSH for 24 h was associated with marked increases in both steroidogenic potential and binding of 125I-labelled hCG in vitro (Hillier et al, 1978 (Baird & Fraser, 1975; Makris & Ryan, 1975) . The classical experiments of Falck (1959) (Fortune & Armstrong, 1977 
